Abstract An analysis of today's mean and extreme wave conditions in the North Sea and their possible future changes due to anthropogenic climate change are presented. The sea state was simulated for the 30-year period 2071-2100 using the wave model WAM and an ensemble of wind field data sets for four climate change realizations as driving data. The wind field data sets are based on simulation outputs from two global circulation models (GCMs: HadAM3H and ECHAM4/ OPYC3) for two emission scenarios (A2 and B2, Intergovernmental Panel on Climate Change, Special Report on Emission Scenarios). They were regionalized by the Swedish Meteorological and Hydrological Institute using the regional climate model RCAO. The effects of the climate realizations on the sea state statistics were assessed by analyzing the differences between the patterns in the four CGM/emission scenario combinations and those in two control simulations representing reference wave climate conditions for the 30-year period . The analysis of the four emission scenario/GCM combinations has shown that the future long-term 99 percentile wind speed and significant wave height increase by up to 7% and 18%, respectively, in the North Sea, except for significant wave height off the English coast and to the north in the HadAM3H-driven simulation. The climate change response in the ECHAM4/OPYC3-forced experiments is generally larger than in the HadAM3H-driven simulations. The 
differences in future significant wave height between the different combinations are in the same order of magnitude as those between the control runs for the two GCMs. Nevertheless, there is agreement among the four combinations that extreme wave heights may increase in large parts in the southern and eastern North Sea by about 0.25 to 0.35 m (5-8% of present values) towards the end of the twenty first century in case of global warming. All combinations also show an increase in future frequency of severe sea state.
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Introduction
The North Sea in northern Europe (Fig. 1 ) is characterized by densely populated and highly industrialized coasts, by offshore activities, and by busy shipping routes. The human activities in the North Sea area are highly vulnerable to storms, storm surges, and wind waves generated by these storms.
Large parts of the areas along the North Sea coast that are used for human activities are below or only slightly above today's mean sea level. They are protected by various coastal defences but storms, with their high water levels and wave heights, are a major threat.
In the past few decades, some significant fluctuations have been detected for the frequency and the strength of storms (e.g., WASA-Group 1998; Alexandersson et al. 2000; Weisse et al. 2005) , as well as for the wave climate (e.g., Günther et al. 1998; WASA-Group 1998; Weisse and Günther 2007) in the North Sea, but no general trends were found. As a possible consequence of anthropogenic global warming, changes in the wind, wave, and storm surge climate may occur that would have significant impacts on the coasts and human activities.
Projections of future climate change include several uncertainties (e.g., model uncertainties, scenario uncertainties) that should be taken into account in climate impact research (e.g., Wang and Swail 2006). Addressing these uncertainties requires ensembles of model simulations with varying assumptions about future atmospheric composition (concentration of greenhouse gases and aerosols, etc., due to different emissions), with different climate models, and with different initial conditions to study the effects of unforced natural variability. Nevertheless, production of ensembles is severely restricted by computational limitations.
Studies comprising larger areas, such as the North Atlantic, suggest some changes in wind conditions and storm surge water levels, as well as in wave climate in the case of anthropogenic climate change (e.g., Debernard et al. 2002; Debernard and Roed 2008; Wang and Swail 2004; Wang et al. 2004) . By now, studies comprising the smaller area of northern Europe and the North Sea with greater resolution are related to future wind conditions (Pryor et al. 2006) and to storm surge water levels (Woth 2005; Woth et al. 2006 ). These studies include ensembles of climate change realizations and suggest for the North Sea increases by less than 10% for strong westerly winds and by up to 0.3 m for the storm surge component of the water level towards the end of the twenty first century.
This publication deals with potential future changes in the wave climate for the North Sea using an ensemble of four climate change realizations for the years 2071-2100. Two different global general circulation models (CGMs: HadAM3H and ECHAM4/OPYC3) are incorporated for model uncertainties, and two different scenarios (A2 and B2) from the Intergovernmental Panel on Climate Change (IPCC) Special Report on Emission Scenarios are taken into account to show a range of possible changes due to different emissions. The two scenarios A2 and B2 (Houghton et al. 2001; Nakicenovic and Swart 2000) are based on a heterogeneous world and focus on local and regional levels. While the "more worse" scenario A2 focuses on significant self-reliance and preservation of local identities, scenario B2 orients towards more environmental protection and social equity.
To calculate the future wave climate in the North Sea, the wave model WAM (WAMDI-Group 1988) was used in a nested version (Fig. 1) . The four emission scenario/general circulation model (GCM) combinations of future wind conditions -used to drive the wave model -have been provided by the Swedish Meteorological and Hydrological Institute, with its regional coupled atmosphere-ocean model RCAO (Jones et al. 2004) . This model was driven with boundary conditions obtained from the aforementioned two CGMs HadAM3H and ECHAM4/OPYC3 for the two different emission scenarios A2 and B2 (Räisänen et al. 2003 (Räisänen et al. , 2004 . The future changes in wave climate were obtained by analyzing these four 30-year wave model runs for the years 2071 to 2100 with respect to 30-year "control" runs obtained from RCAO simulations with boundary conditions provided by HadAM3H and ECHAM4/OPYC3 for the reference climate in the years .
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